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NATIONAL FOREWORD 

This Indian Standard which is identical with ISO 11 342 : 1998 'Mechanical vibration — Methods and 
criteria for the mechanical balancing of flexible rotors* issued by the International Organization for 
Standardization (ISO) was adopted by the Bureau of Indian Standards on the recommendation of the 
Mechanical Vibration and Shock Sectional Ck>mmittee and approval of the Mechanical Engineering 
Diviskxi Council. 

This standard supei^edes IS 14918 : 2001 'Mechanical vibration — Method and criteria for the 
mechank^l balancing of flexible rotors*. 

The text of ISO Standard has been approved as suitable for publication as an Indian Standard without 
deviations. Certain conventions are, however, not identical to those used in Indian Standards. 
Attentton is particularly drawn to the following: 

a) Wherever the words International Standard' appear referring to this standard, they should 
be read as 'Indian Standard*. 

b) Comma (,) has been used as a decimal marker in the Internationa! Standards, while in 
Indian Standards, the current practice is to use a point (.) as the decimal marker. 

In this adopted standard, reference appears to certain International Standards for which Indian 
Standards also exist. The corresponding Indian Standards, which are to be substituted in their 
respective places, are listed below along with their degree of equivalence for the editions indicated: 



International Standard 

ISO 1925 : 2001 Mechanrcal vibration 

— Balancing — Vocabulary 

ISO 1940-1 : 2003 Mechanrcal vibration 

— Balance quality requirements for 
rotors in a constant (rigid) state — Part 
1: Specif «ati<xt and verification of 
ba\ance tolerances 

ISO 2041 : 1990 Vibration and shock — 
Vocabulary 

ISO 8821 : 1989 Mechanical vibration 

— Balancing — Shaft and fitment key 
convention 



Corresponding Indian Standard 

IS/ISO 1925 : 2001 Mechanical vibration 
— Balancing — Vocabulary 

IS/ISO 1940 (Part 1) : 2003 Mechanical 
vibration — Balance quality requirements 
for rotors in a constant (rigid) state: Part 1 
Specifrcation and verification of balance 
tolerances 

IS 11717 : 2000 Vocabulary on vibration 
and shock {first revision) 

IS 14280 : 1995 Mechanical vibration — 
Balancing — Shaft and fitment key 
convention 



Degree of 
Equivalence 

Identical 
do 



do 
do 



The technical committee responsible for the preparation of this standard has reviewed the provisions 
of foltowing Intemationaf Standard referred in this adopted standard and has decided it is acceptable 
for use in conjunction with this standard: 



Irttemational Starjdard 
ISO 1940-2: 1997 



Title 

Mechank:al vibration — Balancing quality requirements of rigid rotors — 
Part 2: Balance errors 

For the purpose of ctecicfing whether a particular requirement of this standard is complied with, the 
final value, observed or calculated, expressing the result of a test or analysis, shall be rounded off in 
accordance with IS 2 : 1960 'Rules for rounding off numerical values (rewsed)*. The number of 
signrficant places retained in the rounded off value should be the same as that of the specified value 
rn this standard. 
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Indian Standard 

MECHANICAL VIBRATION — METHODS AND 
CRITERIA FOR THE MECHANICAL BALANCING OF 

FLEXIBLE ROTORS 



1 Scope 

This International Standard prcscnls typical Hcxiblc rotor configuralions in acctndance with theu 
characteristics and balancing requirements, describes halancini! prtKcdures. specifies melhcKls of assessment 
of the final stale of unbalance, and gives guidance on balance quality criteria. 

This International Standard may also be applicable to ser\e as a basis for more invi)l\ed in\estigatu>ns. (or 
example when a mi^e exact delerminatu)n of the required balance quality is necess:ir\. If due regard is paid 
to the specified methods of manufacture and limits of unbalance. satisfactor\ running contliinnis can he 
expected. 

This International Standard is not intentied to serve as an acceptance specification for any rotor, but rather to 
give indications of how to avoid gross deficiencies and/or unnecessarily restrictive requirements. 

The subject of structural resonances and modifications therei)f is outside the scope of this International 

Standard. 

The methods and criteria given are the result of experience with general industrial machmerv. They may not 
be directly applicable to specialized equipment or to special circumstances. Therefore, there may be cases 
where deviations from this Intemational Standard may be necessary^ *. 

2 Normative references 

The following standards contain provisions, which, through reference in this text, constitute provisions of 
this Intemational Standard. At the time of publication, the editions indicated were valid All standards are 
subject to revision, and parlies to agreements based on this International Standard are encouraged to 
investigate the possibility of applying the most recent editions of the standards listed below. Members of lEC 
and ISO maintain registers of currently valid Intemational Standards. 

ISO 1925; 1990, Mechanical vibration — Balancing — Vocabulary 

150 1940-1:1986. Mechanical vibration —Balance quality requirements of rigid rotors — Parti: 
Determination of permissible residual unbalance 



'' Information on such exceptions will be welcomed and should be communicated to the national standards body in 
thecountry of origin for transmission to the secretariat of ISO/TC 108/SCl. 
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ISO 1940-2:1997. Mechanical vibration — Balancing:, qitality requirements of rii^ij rotors — Part 2: 
Balance errors 

ISO 204 1 : 1990. Vibration ami shock — Vocabulary 

ISO 882 1 : 1 989, Mechanical vibration — Balancini^ — Shaft ami fitment key c(mvention 

3 Definitions 

For the purposes of this Intemaiional Standard, the definitions relating to mechanical balancing given in 
ISO 1925 and the definitions relating to vibration given in ISO 2041 apply. 

ISJOTE — Definitions from ISO 1925 relating to flexible rotors are given for information in annex H. 

4 Fundamentals of flexible rotor dynamics and balancing 

4.1 General 

Flexible rotors normally require multiplane blancing at high speed. Nevertheless, under certain conditions a 
flexible rotor can also be balanced at low speed. For high-speed balancing two different methods have been 
formulated for achieving a satisfactory state of balance, namely modal balancing and the influence 
coefficient approach. The basic theory behind both of these methods and their relative merits are described 
widely in the literature and therefore no further detailed description will be given here. In most practical 
balancing applications, the method adopted will normally be a combination of both approaches, often 
incorporated into a computer package. 

4.2 Unbalance distribution 

The rotor design and method of construction can significantly influence the magnitude and distribution of 
unbalance along the rotor axis. Rotors may be machined from a single forging or they may be constructed by 
fitting several components together. For example, jet engine rotors are constructed by joining many shell, 
disc and blade components. Generator rotors, however, are usually manufactured from a single forging, but 
will have additional components fitted. The distribution of unbalance may also be significantly influenced by 
the presence of large unbalances arising from shnnk-fitted discs, couplings, etc. 

Since the unbalance distribution along a rotor axis is likely to be random, the distribution along two rotors of 
identical tksign will be different. The distribution of unbalance is of greater significance in a flexible rotor 
than in a rigid rotor because it determines the degree to which any flexural mode is excited. The effect of 
unbalance at any point along a rotor depends on the mode shapes of the rotor. 

The correction of unbalance in transverse planes along a rotor other than those in which the unbalance 
occurs may induce vibrations at speeds other than that at which the rotor was originally corrected. These 
vibrations may exceed specified tolerances, particularly at, or near, the flexural critical speeds. Even at the 
same speed such correction can induce vibrations if the flexural mode shapes on site differ from those 
dominating during the balancing process. 

In addition, some rotors which become heated during operation are susceptible to thermal bows which can 
lead to changes in the unbalance. If the rotor unbalance changes significantly from run to run it may be 
impossible to balance the rotor within tolerance. 
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4-3 Flexible rotor mode .shapes 

If the elTecl o\ damping is neglected, the riKKles of a rotor are the tlexural principal mcxles and. in the special 
case of a rotor supported in bearings which have the same stiffness m all radial directions, are rotating plane 
curves. Typical curves for the three lowest principal modes for a simple rotor supported in flexible bcanngs 
near to its ends are illustrated in figure 1 . 

For a damped rotor/bearing system the flexural mixles may be space curves rotating about the shaft axis, 
especially in the case of substantial damping, arising perhaps from fluid-film bearings. Possible damped first 
and second modes are illustrated in figure 2. In many cases the damped modes can be treated approximately 
as principal modes and hence regarded as rotating plane curves. 

It must be stressed that the form of the mode shapes and the response of the rotor to unbalances arc strongly 
influenced by the dynamic properties and axial locations of the bearings and their supports. 



pp. p 






a) T)rptcal rotor 




b) First flexural mode 




c) Second flexural mode 




d) Third ftexural mode 
NOTE — Pi, P:, and P4 are nodes. P3 is an antinode. 

Figure 1 — Simplified mode shapes for flexible rotors on fkxibk supports 
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First mode 




Second mode 



Figure 2 — Examples of possible damped mode shapes 



4.4 Response c^ a flexible rotor to unbalance 

The unbalance distribution can be expressed in terms of modal unbalances. The deflection in each mode is 
caused by the corresponding modal unbalance. When a rotor rotates at a speed near a critical speed, it is 
usually the mode associated with this critical speed which dominates the deflection of the rotor. The degree 
to which large amplitudes of rotor deflection occur in these circumstances is influenced mainly by: 

a) the magnitude of the modal unbalances; 

b) the proximity of the associated critical speeds to the running speeds; and 

c) the amount of damping in the rotor/support system. 
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It a panicular modal unbalance is reduced by ihe additii»n oi a nurnbcT ol discrclc correclion uiaNSCs. then the 
corresponding modal component of detleciion is srmilarK reduced The reduciion of the modal unbalances 
in this way tonus the basis of the balancmg priKcdures described in this Iniemalional Standard. 

The modal unbalances for a given unbalance distribution are a function of the flexible rotor modes. 
Moreover, for the simplitled rotor shown in figure 1. the effect produced in a particular nuxle by a given 
correction depends on the ordinate of the mode shape curve at the axial location of the correction: maximum 
effect near the antinodes, minimum effect near the ncxles. Consider an example in which the curves of 
figure 1 b) to 1 d) are mode shapes for the rotor in figure 1 a). A correction mass in plane P< has the 
maximum effect on the first mode, whilst its effect on the second mode is small. 

A correction mass in plane P: will produce no response at all on the second mode but will influence both the 

other modes. 

Correction masses in planes Pi and P4 will not affect the third mode, but will influence both the other modes. 

4.5 Aims of flexible rotor balancing 

The aims of balancing are determined by the operational requirements of the machine. Before balancing any 
particular rotor, it is desirable to decide what balance criteria can be regarded as satisfactory. In this way the 
balancing process can be made efficient and economical, but still satisfy the needs of the user. 

Balancing is intended to achieve acceptable magnitudes of machinery vibration, shaft deflection and forces 
applied to the bearings caused by unbalance. 

The ideal aim in balancing flexible rotors would be to correct the local unbalance cKCurring at each 
elemental length by means of unbalance corrections at the element itself This would result in a rotor in 
which the centre of mass of each elemental length lies on the shaft axis. 

A rotor balanced in this ideal way would have no static and couple unbalance and no modal components of 
unbalance. Such a perfectly balanced rotor would then run satisfactorily at all speeds in so far as unbalance is 
concerned. 

In practice the necessary reduction in unbalance is u.sually achieved by adding or removing masses in a 
limited number of correction planes. There will invariably be some distributed residual unbalance after 

balancing. 

Vibrations or oscillatory forces caused by the residual unbalance must be reduced to acceptable magnitudes 
over the service speed range. Only in special cases is it sufficient to balance flexible rotors for a single spcxd. 
It should be noted that a rotor, balanced satisfactorily for a given service speed range, may still experience 
excessive vibration if it has to run through a critical speed to reach its service speed. However, for passing 
through critical speeds, the allowable vibration may be greater than that permissible at service speed. 

Whatever balancing technique is used, the final goal is to apply unbalance correction distributions to 
minimize the unbalance effects at all speeds up to the maximum service speed, including start up and shut 
down and possible overspeed. In meeting this objective, it may be necessary to allow for the influence of 
modes with critical speeds above the service speed range. 
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4.6 Provision for correction planes 

The exact number of axial locations along the rotor that are needed depends to some extent on the particular 
balancing procedure which is adopted. For example, centrifugal compressor rotors arc sometimes assembly- 
balanced in the end planes only, after each disc and the shaft have been separately balanced in a low-speed 
balancing machine. Generally, however, if the speed of the rotor approaches or exceeds its n flexural 
critical speed, then at least n and usually (// + 2) correction planes are needed along the rotor. 

An adequate number of correction planes at suitable axial positions should be included at the design stage. In 
practice the number of correction planes is often limited by design considerations and in-field balancing by 
limitations on accessibility. 

4.7 Rotors coupled together 

When two rotors are coupled together, the complete unit will have a series of critical speeds and mode 
shap)es. In general, these speeds are neither equal to nor simply related to the critical speeds of the individual, 
uncoupled rotors. Moreover, the deflection shape of each part of the coupled unit need not be simply related 
to any mode shaf)e of the corresponding uncoupled rotor. Ideally, therefore, the unbalance distribution along 
two or more coupled rotors should be evaluated in terms of modal unbalances with respect to the coupled 
system and not to the modes of the uncoupled rotors. 

For practical purposes, in most cases each rotor is balanced separately as an uncoupled shaft and this 
procedure will normally ensure satisfactory operation of the coupled rotors. The degree to which this 
technique is practicable depends, for example, on the mode shapes and the critical speeds of the uncoupled 
and coupled rotors, and the distribution of unbalance and the type of coupling and on the bearing 
arrangement of the shaft train. 

If further balancing on site is required, reference should be made to annex A. 



5 Rotor conflgurations 

Typical rotor configurations are shown in table 1, their characteristics outlined, and the recommended 
balancing procedures listed. The table gives concise descriptions of the rotor characteristics. Full 
descriptions of these characteristics/requirements are given in the corresponding procedures in clauses 6 
and 7. The procedures are listed in table 2. 

Sometimes a combination of balancing procedures may be advisable. If more than one balancing procedure 
could be used, they are listed in the sequence of increasing time/cost. Rotors of any configuration can always 
be balanced at multiple speeds (see 7.3) or sometimes, under special conditions, be balanced at service speed 
(see 7.4) or at a fixed speed (see 7,5). 
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Table 1 — Flexible rotors 



C'unriguration 



1.1 Discs 



Rotor charaiteristk ^ 






Kecommrnded 
baUtuinK 
procedure 

isct* lahlc 2) 
(SLV next page 
hu kc> to 



/F=U=^ 



^ 



Single disc 

|vr|X'ndiLuiar u> shall axis 
with axial runout 



A.C 
B C 



FiRRk ^ 



LTZS ZS" 



Two discs 

- perpendicular lo shall axis 

- with axiai runout 

• ai least i>ne ien>o\ahle 

• tnieeral 



B + c. i; 



^ininik 



More Ihan two discs 

• all I hut one) renvnahie 
- inicj^ral 



B 4 l\ D, I : 
Cm 



1.2 Rigid sections 



JJiLstie shafts wuhtiut 
unhalanees, rigid sections 



^ 



R ^ 



Single rigid section 

- removable 

- integral 



B 



a B 



Two rigid scctioas 

- at least one reni(uah!e 
Integra! 



B.CM: 
B 



B + C;. I: 



flJUU^ BJ 



I rzrl I 



More (than two) rigid 
section 

all (hut tmc) removable 

- inlegral 



-fTS-l— J 



B + C. K 
G 
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Table 1 — Flexible rotors {concluded) 



Configuration 



13 Discs and rigid sections 



^=LJlBr m 



THJ 



Rotor characteristics 



Elastic shaft without 
unbalance, rigid discs 
and sections 



One each 

- at least one part 

removable 

- integral 



Recommended 
balancing 
procedure 

(see table 2) '* 



B+CE 
G 



F{ 



m^ 



rIfTrl ff 



More parts 

- all (but one) removable 

- integral 



B+C;E 
G 



MSBM 



1.4 Rolls 



Mass, elasticity and 
unbalance distribution 
along the rotor 



fl 



m 



under special conditions 
in general 



F 
G 



\S RoUs and discs/rigid sections 



Flexible roll, rigid discs, 
rigid sections 



nr^ "^ 



____te 



- discs/rigid 
sections/removable 

- under special 
conditions 

- in general 
integral 



C + F; E + F 

G 

G 



1.6 Integral rotor 



Mass, elasticity and 
unbalance distribution 
along the rotor 





Main parts with 
unbalances not detachable 



1 > A = Single-plane balancing E ^ Balancing in stages dunng assembly 

B = Two^planc balancing ^ p ^ Balancing in optimum planes 

C = Individual component balancing pnor to assembly G = Multiple speed balancing 

Two acUmonal balanang procedures H and lean be used m special circumstances, see 7.4 and 7.5. 
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Table 2 — Balancing procedures 



Procedure Description 


Subclause 


Low-speed balancini> 


A 


Single-plane balancing 


6,5.1 


B 


Two-plane balancing 


6.5.2 


C 


Individual component balancing prior to assembly 


6.5.3 


D 


Balancing subsequent to controlling initial unbalance 


6.5.4 


E 


Balancing in stages during assembly 


6.5.5 


F 


Balancing in optimum planes 


6.5.6 


High-speed balancing 


G 


Multiple speed balancing 


7.3 


H 


Service speed balancing 


7.4 


I 


Fixed speed balancing 


7.5 



6 Procedures for balancing flexible rotors at low speed 

6.1 General 

Low-speed balancing is generally used for rigid rotors and high-speed balancing is generally used for 
flexible rotors. However, with the use of appropriate procedures it is possible in some circumstances to 
balance flexible rotors at low speed so as to ensure satisfactory running when the rotor is installed in ils final 
environment. Otherwise, flexible rotors require use of a high-speed balancing procedure. 

iMost of the procedures explained in this clause require some information regarding the axial distribution of 
unbalance. 

In some cases where a gross unbalance may occur in a single component, it may be advantageous to balance 
this component separately before mounting it on the rotor, in addition to carrying out the balancmg 
procedure after it is mounted. 

NOTE — Certain rotors contain a number of individual parts which are mounted concentncally (for example blades, 
coupling bolts, pole pieces, etc.). These parts may be arranged according to their individual mass or mass moment to 
achieve some or all of the required unbalance correction described in any of the procedures If these parts need to be 
assembled after balancing, they should be arranged in balanced sets. 

Some rotors are made of individual components (e.g. turbine discs). In these cases it is important to 
recognize that the assembly process may produce changes in the shaft geometry (e.g. shaft run out) and 
further changes may occur during high-speed service. 
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6.2 Selection of correction planes 

If Ihe axial positions of the unbalances are known, the correction planes should be provided as closely as 
possible to these positions. When a rotor is composed of two or more separate components that are 
dislnbuted axially. there may be more than two transverse planes of unbalance. 

6.3 Sen ice speed of the rotor 

If the ser\'ice speed range includes or is close to a flexural critical speed, then low-speed balancing methods 
should only be used with caution. 

6.4 Initial unbalance 

The process of balancing a flexible rotor in a low-speed balancing machine is an approximate one. The 
magnitude and distribution of initial unbalance are major factors determining the degree of success that can 
be expected. 

For rotors m w hich the axial distribution of initial unbalance is known and appropriate correction planes are 
available, the permissible initial unbalance is limited only by the amount of correction possible in the 
correction planes. 

For rotors in which the actual distribution of the initial unbalance is not known, there are no generally 
applicable low-speed balancing methods. However, sometimes the magnitude can be controlled by the 
prebalancing of individual components. In these cases the low-speed initial unbalance can be used as a 
measure of the distribution of unbalance. 

6.5 Low-speed balancing procedures 

6.5.1 Procedure A — Single-plane balancing 

If the initial unbalance is principally contained in one transverse plane and the correction is made in this 
plane, then the rotor will be balanced for all speeds. 

6.5.2 iVocedure B — Two-plane balancing 

If the initial unbalance is principally concentrated in two transverse planes and the corrections are made in 
these planes, then the rotor will be balanced for all speeds. 

If the unbalance in the rotor is distributed within a substantially rigid section of the rotor and the unbalance 
correction is also made within this section, then the rotor will be balanced for all speeds. 

6.53 Procedure C — Individual component balancing prior to assembly 

Each component, including the shaft, should be low-speed balanced before assembly in accordance with 
ISO I94(V1. In addition, the concentricities of the shaft diameters or other locating features that position the 
individual components on the shaft should be held to close tolerances relative to the shaft axis. (See 
ISO 1940-2). 
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NOTES 

1 The conccntnciiics of the balancing mandrel diaiiKlers or tithcr liKaiiDn teatures thai fxvsitiDn each individual 
componenl on the mandrel should likewise be held wiihin close tolerance relative to ihe axis oi the mandrel. Errors in 
unbalance and concentricity of the mandrel may be compensated by index balancing (see ISO 1 940-2 >. 

2 When balancing the components and the shaft individually, due allowances should be made iot any unsymirK.*incal 
feature such as keys (see ISO 882 1 ) that form pan of the complete rotor but are not used in the indi\idual balancing of 
the separate components. 

3 It is advisable to check by calculation the unbalance prtniuced b> balancing errors such as eccenincuies and 
assembly tolerances to evaluate their effects. When calculating the effect of these errors on the mandrel and on the 
shaft, it is important to note that the effect of the errors can be cumulative on the final assembK PrcKedures for 
dealing with such errors can be found in ISO 1940-2. 

6.5.4 Procedure D — Balancing subsequent to controlling initial unbalance 

When a rotor is composed of separate components that are balanced individually before assembly 
(Procedure C), the state of unbalance may still be unsatisfactory. Subsequent balancing of the assembly at 
low speed is permissible only if the initial unbalance of the assembly dcx^s not exceed specified values. 

If reliable data on shaft and bearing flexibility, etc. are available, analysis of response to unbalance using 
mathematical models will be useful. 

Experience has shown that symmetrical rotors that conform to the requirements above but have an additional 
central correction plane may be balanced at low speed with higher initial unbalances of the assembly. 
Experience has shown that between 30 % and 60 9c of the initial resultant unbalance should be corrected in 
the central plane. 

For unsymmetrical rotors that do not conform to the configuration defined above, for example as regards 
symmetry or overhangs, it may be possible to use a similar prcKcdure using different percentages in the 
correction planes based on experience. 

However, in extreme cases, the initial shaft unbalance may be so large that some other method of balancing 
the rotor will have to be adopted, for example. Procedure E. 

6.5.5 Procedure E — Balancing in stages during assembly 

The shaft should first be balanced. The rotor should then be balanced as each component is mounted, 
correction being made only on the latest component added. This method avoids the necessity for close 
control of concentricities of the locating diameters or other features that position the individual components 
on the shaft. 

If this method is adopted, it is important to ensure that the balance of the parts of the rotor already treated is 
not changed by the addition of successive components. 

In some cases, it may be possible to add two single-plane comp>onents at a time and perform two-plane 
balancing on the assembly by using one correction plane in each of the two components. In cases where 
several components form a rigid section, for example a sub-assembly or core section which is normally 
balanced in two planes only, one such section may be added at a time and corrected by two-plane balancing. 
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6^.6 Procedure F — Balancing in optimum planes 



If, because of the design or method of constoiction, a series of rotors has unbalances that are distributed 
uniformly along therr entire length (for example, tubes), it may be possible by selecting suitable axial 
positions of two correction planes to achieve satisfactory running over the entire speed range by low-speed 
balancing. It is likely that the optimum position of the two correction planes producing the best overall 
running conditions can only be determined by experimentation on a number of rotors of similar type. 

For a simple rotor system that satisfies conditions a) to e) below, the optimum position for the two correction 
planes is 22 % of the bearing span inboard of each bearing: 

a) single-span rotor with end bearings; 

b) uniform mass distribution with no significant overhangs; 

c) uniform bending flexibility of the shaft along its length; 

d) continuous service speeds not significantly approaching second critical speed; 

e) uniform or linear distribution of unbalance. 

If this correction method does not produce satisfactory results, it may still be possible to balance the rotor at 
low speed by utilizing correction planes in the middle and at the rotor ends, as shown in annex B. To do this 
it is necessary to assess what proportion of the total initial unbalance is to be corrected at the centre plane. 

7 Procedures for balancing flexible rotors at high speed 

7 J General 

Generally, high-speed balancing is required for flexible rotors. However, with the use of appropriate 
procedures it is possible, in some circumstances, to balance flexible rotors at low speed (see clause 6). 

7.2 Installation for balancing 

For balancing purposes, the rotor should be mounted on suitable bearings. In some cases it is desirable that 
the bearing supports in the balancing facility be chosen to provide similar conditions to those at site so that 
the modes obtained during site operation will be adequately represented during the balancing process and 
hence reduce the necessity for subsequent field balancing. 

If a rotor has an overhung mass that would normally be supported when installed on site, a steady bearing 
may be used to limit its deflection during the test. 

If a rotor has an overhung mass that is not supported in any way when installed on site, it should also be left 
unsupported during the test. However, it may be necessary in the early stage of balancing to provide support 
with a steady bearing to enable a rotor to get safely to service speed or overspeed to allow the rotor 
components to move into their final position. 

Transducers should be positioned to measure shaft, bearing or support vibration or bearing force as 
appropriate. The system shall be capable of measuring the once-per-revolution component of the signal. The 
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incaMirLMiicnt can he expressed either as an anipluudc and a phase angle or hi lenns ot orthogonal 
components relative to some fixed angular reference on a rocor. 

In some cases two vihration transducers may Iv msialled 9() ■ apart at the same transverse plane to permil 
resolution of the transverse vihrations. when such resolution is required. 

In all cases, there shall be no resonances of the transducer and/or mountings, which significanily influence 
vibration measurement within the speed range of the test. 

The output from all transducers should be read on equipment that can differenliate between the synchronous 
component caused by unbalance, the slow-speed runout when significant, and other components of the 

vibration. 

The drive for a rotor should be such as to impose negligible restraint on the vibration of the rotor and 
introduce negligible unbalance into the system. Alternatively, if known unbalance is introduced by the drive 
system, then it should be compensated for in the vibration evaluation. 

NOTE — To establish that the drive coupling introduces negligible balance error, the coupling should be index 
balanced as described in ISO 1940-2. 



7.3 Procedure G — Multiple-speed balancing 

This clause sets out the basic principles of high-speed balancing in a very simple form. The rotor is balanced 
successively on a modal basis at a series of balancing speeds in turn, which are selected so that there is a 
balancing speed close to each critical speed within the service speed range. There may also be a balancing 
speed close to the maximum pemiissible test speed. In essence, each mode with a critical speed within the 
ser\'ice speed range is corrected in turn, followed by a final balance of the remaining (higher) modes at the 
highest balancing speed. 

The procedures used in practice may be packaged m the form of computer-aided balancing mclhcxis. which 
permit automated or otherwise simplified techniques, for example, the influence coefficient mcthcxi. In the 
simplest versions, on-line computer-aided balancing will guide the operator through the process and will, for 
example, perfonn the vector subtraction listed in 7.3.2.5, 7.3.2.9 and 7.3.2.10. In other cases, prior 
knowledge of the relevant influence coefficients may be available which can be incorporated in the 
computer-aided package so that tests with trial mass sets are not required. In appropriate circumstances, 
vibration data for the unbalanced response can be safely acquired at several balancing speeds during one run 
of the rotor, rather than at a single balancing speed, so that the necessary corrections for several mcxlcs can 
be computed in one operation. 

All vibration (or force) measurements in this clause relate to once-per-revolulion components. 
73.1 Initial low-speed balancing 

Experience has shown that it may be advantageous to carry out initial balancing at low speed, prior to 
balancing at higher speeds. This may be particularly advantageous for rotors significantly affected by only 
the first flexural critical speed. 

If desired, therefore, balance the rotor at low speed, when it is not affected by modal unbalances. 
Alternatively, this stage can be omitted by proceeding directly to 7 J.2. 

NOTE — Low-speed balancing may avoid the need for carrying out the final balancing of the remaining (higher) 
modes as described in 7,3.2. 1 1 . 



ISflSO 11342:1998 

7.3.2 General procedure 

Throughout this procedure, correction planes should be chosen according to the relc\ ant mode shvipcs. See 
also clause 4. 

7J.2.1 The rotor should be run at some convenient low speed or speeds to remove any temporary bend. If 
shaft measuring transducers are used, the remaining repeatable low-speed run-out values should be measured 
and, where necessary, subtracted veclorially from any subsequent shaft measurements at the balancing 
speeds. 

7J.2.2 Run the rotor to some safe speed approaching the first flexural critical speed. This will be termed the 
"first flexural balancing speed". 

Record the readings of vibration (or force) under steady-state conditions. Before proceeding, it is essential to 
confirm that the readings are repeatable. Several runs may be necessar>' for this purpose. 

7J.2.3 Add a set of trial masses to the rotor, w^hich should be selected and positioned along the rotor to 
produce a significant vector change in vibration (or force) at the first flexural balancing speed. 

If low-speed balancing has been omitted, the trial-mass set usually comprises only one mass, which for rotors 
which are essentially symmetrical about mid-span will be placed near the middle of the rotor span. 

If low-speed balancing has been performed, then the trial mass set will usually consist of masses at three 
distinct correction planes. In this case, the masses are proportioned so that the low-speed (rigid rotor) 
balancing is not upset. 

73.2,4 Run the rotor to the same speed and under the same conditions as in 73.2,2, and record the new 
readings of vibration (or force). 

7J.2-5 From the vectorial changes of the readings between 7.3.2.2 and 7.3.2.4, compute the effect of the trial 
mass set at the first flexural balancing speed. Hence compute the magnitude and angular position of the 
correction to be applied to cancel the effects of unbalance at the first fiexural balancing speed. Add this 
correction, 

NOTES 

1 A graphical illustration of the vectorial subtraction underlying this calculation is shown in annex G. 

2 In this descnption it is assumed that the effects on the measurements of unbalances in other modes can be 
neglected or are eliminated by appropriate procedures. 

The rotor should now mn through the first flexural critical speed with acceptable vibration (or force). If this 
is not the case, refine the correction or repeat the procedure in 7.3.2.2 to 7.3.2.5 using a new balancing speed, 
possibly closer to the first flexural critical speed. 

7J.2-6 Run the rotor to some safe speed approaching the second flexural critical speed. This will be the 
"second flexural balancing speed". Record readings of vibration (or force) under steady-state conditions at 
this speed. 

7 J.2.7 Add a set of trial masses to the rotor, which should be selected and positioned along the rotor to 
produce a significant vector change in vibration (or force) at the .second flexural balancing speed, without 
significantly affecting the first mode and, if relevant, the low-speed balance. 
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7.3.2.8 Run the rotor to ihc same speed as in 7..v2.(> and record liie new readniiis oi \ ihralion (or Ii»ree). 

7.3.2.y From the \eeU>rial eh<inees in itie leadings K'lueen 7. 3.2 (> and 7 .^ 2 S, eompule die eUeei ol the inal 
mass set at the seet>nd llexural balancing speed tor this set ol inal masses I'se these values to compute a set 
ot correelicMi masses which cancel the etTects ol unbalance at the second llexural balancing s|ved. Attach 
this set of correction masses. 

The totor should now run thrctugh the first and second flexural critical speeds with acceptable vibratum (or 
force). If this is not the case, refine the correction or repeat tlie piivedure in 7 .^.2.5 to 7.3.2». usinc a 
different balancing speed possibly closer lo the second fiexural critical speed. (See also notes in 7. V2 5 ) 

7.3.2.10 Continue the above operations for balancing speeds close to each llexural critical spex*d m turn 
within the permissible speed range. Each new set oi trial masses should he chosen so that thev have a 
significant effect on the appropriate mode, but do not significantly affect the balance which has already been 
achieved at lower speeds. The trial mass distribution can be obtained from experience or a computer 
simulation. For each case, a set of correction masses should be computed and attached to the rotor. Each set 
of correction masses will compensate for the unbalance at the current balancing speed. 

7.3.2.11 If. after correction at all llexural balancing speeds, significant vibrations (or forces) still cKXur 
wuhin the .service speed range, the prtKedure in 7.3.2.V shtHtld be repeated at a balancing sjved close to the 
maximum permissible test speed. In this case, it may not be possible to magnify the efteci o\ the remaining 

(higher) modal unbalance components by running close to their assot^ialed llexural critical s[veds. 

NOTES 

t For sonic voun Ivpc^. for cvainplc turbine rotors with shamk on stages or generator ri^lt>rs, it is advisable to make 
tinK pre!iniinar\ eurreclions near the llexural cnticai speeds to get the rotor \o its service spcvd or overspeed, where 
eomponents ma> nnne into their final position. For some rotors, it may be possible to mn safely ihrtHjgh some or aJl 
o\ the criiieat speeds before conipleling the halaneing. In that ease, the number o\ runs required \o detenninc the 
inlluenee eoofficicnls can be retiueed. 

2 It should be noted that the method described above assumes that there is a linear relationship helxveen the 
unbalance \cclor and the vibralioii (or t\>rce) respciiise vectt^r. In certain cases this may not he so, particularly, tor 
example, \vliere there i^ a high imiial unbalance and the rotor is supported h\ tluid-film bearings. In these cases u nviv 
be necessar) to redetermine the effects of the trial masN sets as the vihralKUi tor force) response vecti>r is reduced in 
magnitude. 

} As explained at the outset o( 1.}, the high-speed halaneing prtKedurc is presented m a very snnple tonn in 
particular, the tlexural critical speeds are assumed lo be sufficienttv widely spaced so that the \ ihralion riKMsured al a 
ilexurai balancing speed is predominantly in the mtKJe associated v^ilh the ct^rresponding cnticai spt*ed- If twi) Hexural 
critical speeds are close together, then more refined procedures (which atc beycnid the scope of this simple oulhne) 
are necessary u> uncouple the individual modal comptnients of vibration. 

4 For machines that have axial asymmetrx (in the support/bearing svstem). each mtxle (see figure I ) will spht into 
two mt>des. often of similar shape, with resonances appearing at different speeds. Reducing the unbalance in one ot 
these modes otten reduces the unbalance m the other one too, avoiding the need to balance each mode scparaleiv 

7.4 Procedure H — Service-speed balancing 

Some rotors that are flexible and pass through one or more critical speeds v)n their way up lo service speed 
may. under special circumstances, be balanced for one speed only (usually service speed). However, rotors 
having cnticai speeds close to service speed or those coupled to other flexible rotors arc excluded In 
general, these rotors should fulfil one or more of the following conditions: 

a) the acceleratit^n and deceleration up lo and from service speed is so rapid th<it the ampluudc o( 
vibration at the critical speeds will not build up K^yond acceptable limits: 
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b) the damping of the system is sufficiently high to keep vibrations at the critical speeds within 
acceptable limits; 

c) the rotor is supported in such a manner that objectionable vibrations are avoided: 

d) a high level of vibration at the critical speeds is acceptable; 

e) 'A rotor runs at service speed for such long periods that otherwise unacceptable starting/stopping 
conditions can be tolerated. 

A rotor that fulfils any of the above conditions may be balanced in a high-speed balancing machine or 
equivalent facility at the speed at which it is determined that the rotor should be in balance. 

If the rotor falls into category c) above, it is especially important that the stiffness of the balancing machine 
suj>port system be sufficiently close to site conditions to ensure that, at service speed in the balancing 
facility, the predominant modes are the same as those that will be experienced at site. 

Some consideration should be given to the axial correction mass distribution. It may be possible to choose 
optimum axial positions for the correction planes so that two planes may be sufficient. This may produce a 
minimum residual unbalance in the lower modes and thus minimize the vibrations when running through 
critical speeds. 

75 Procedure I — Fixed speed balancing 

7SA General 

These rotors may have a basic shaft and body construction that either allows for low-speed balancing or 
requires high-speed balancing procedures. In addition, they have one or more components that are either 
flexible or are flexibly mounted so that the unbalance of the whole system may change with speed. 

Rotors in this case may fall into two categories: 

a) rotors whose unbalance changes continuously with speed, for example, rubber-bladed fans; 

b) rotors whose unbalance changes up to a certain speed and remains constant above that speed, for 
example rotors of single-phase induction motors with a centrifugal starting switch. 

7^5.2 Procedure 

It is sometimes possible to balance these rotors with counterbalances of similar characteristics. If not, the 
following procedures should be used. 

Rotors that fall into category a) should be balanced in a balancing machine at the speed at which it is 
specified that the rotor should be in balance. 

Rotors that fall into category b) should be balanced at a speed above that at which the unbalance ceases to 
change. 

^^ T ^^ ™^ ^ possible to minimize or counterbalance the effects of the flexible components by careful design 
andby attention to their locations, but it should be appreciated that rotors of this kind are likely to be in balance at one 
speed only or withm a limited range of speed. 
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8 Evaluation criteria 

8. 1 Choice of criteria 

It is a usual practice when evaluating the balance quality of a flexible rotor in the laciojy to consider the 
once-per-revolution vibration of the bearing pedestals or shaft in a balancing tacihty or test-bed that 
reasonably approximates to the site conditions for which the rotor is intended (see however 8.2 4). This is the 

method described in 8.2. 

Another practice is to evaluate the balance quality by considermg the unbalance remaining. This is the 
method described in 8.3. For flexible rotors balanced using low-speed balancing pnKcdures (PnKedures A 
to F). this form of assessment may be made at low speed, without any necessity to use a high-speed 
balancing facility. 

When employing either practice, il is sometimes possible, based on experience, lo adjust acceptance levels to 

permit the use of facilities or installations that do not closely imitate site conditions and/or allow for the final 
effect of coupling to another rotor on site. 

Evaluation criteria are, therefore, established either in lenns of vibration limits or permissible residual 

unbalances. 

It is not possible to derive the permissible unbalances for flexible rotors directly from existing dtKuments 
concerned with the assessment of vibrations in rotating machinery. Usually there is no simple relationship 
between rotor unbalance and machine vibration under service conditions. The amplitude of vibrations is 
influenced by many factors, such as the vibrating mass of the machine casing and Us ftiundalions. the 
stiffness of the be;u"ing and of the foundation, the proximity of the service speed to the various resonance 
frequencies, and the damping. 

NOTE— See also ISO |{)Hi4. 

8.2 Vibration limits in the balancing facility 

If the final state of unbalance is to be evaluated in terms of vibration criteria in the balancing facility, then 
these must be chosen to ensure that the relevant vibration limits are satisfied on site. 

There is a complex relationship between vibrations measured in the balancing facility and those obtained in 
the fully assembled machine at site, which is dependent on a number of factors. It should he noted that 
acceptance of machines on site is usually based on vibration criteria given in, for example. ISO 791^^ or 
ISO 10816, In most cases this relationship has been derived for speciflc machine types by experience of 
balancing typical rotors in the same facility. Where such experience exists it should be used as the basis for 
defining the permissible vibration in the balancing facility. 

There may, however, be cases where such experience does not exist (e.g. a new balancing facility or rotors of 
substantially different design). Subclause 8.2.5 relates to such cases and explains the permissible levels of 
once-per-revolution vibration which can be derived from the vibration seventy specified in the product 
specification. If no product specification describing the acceptable running conditions on site exists, 
reference should be made as appropriate to ISO 7919 or ISO 10816. 
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8.2.1 General 



Numerical values derived according to clause 8 are not intended to serve as acceptance specifications but as 
guidelines. When used in this manner, gross deficiencies or unrealistic requirements may be a\ oided. 

It due regard is paid to the recommended vakies, satisfactory- mnning conditions can be expected. However, 
there may be cases when deviations from these recommendations become necessary. 

These recommendations may also serve as the basis for more detailed investigations, for example when, in 
special cases, a more exact determination of the required balance quality is necessary. 

8.2.2 Special cases and exceptions 

There are exceptional cases where machinery is designed for special purposes and, of necessity, embodies 
features which inherently affect the vibration characteristics. Aircraft jet engines and derivatives of such 
engines for industrial purposes are one example. As engines of this type are designed to minimize weight, 
their main structures and bearing supports are considerably more flexible than in general industrial 
machinery. Special steps are taken in the design to accommodate undesirable effects resulting from such 
support flexibility, and extensive development testing is carried out to ensure that the vibration levels are 
safe and acceptable for the intended use of the engine. 

For such cases as this, where the vibration characteristics have been shown to be acceptable by extensive 
testing before production units are delivered, it is not intended that the recommendations of clause 8 should 
apply. 

8.2J Factors influencing machine vibration 

The vibration resulting from the unbalance of the rotor is influenced by many factors such as the mounting 
of the machine and the distortion of the rotor. 

Where maximum pcnmssible levels of vibration iire stated in product specifications, they usually refer to 
total vibration in situ ;irising from all sources. The value quoted could therefore include the vibrations arising 
from a multiplicity of sources with different frequencies, and the manufacturer should consider what levels 
o\ vibration can be permitted from unbalance alone in order to keep within the permissible overall level of 
vibration. 

8.2,4 Critical clearances and complex machine systems 

Special attention should be paid to the levels of vibration and static displacement occurring at points of 
minimum clearance, for example at process fluid seals, because of the greater likelihood of damage at these 
points than at others. It should be appreciated that the conditions on site may modify the mode shapes and 
thus the vibration levels at the points of measurements, (See 4.3.) 

Rotors that are to be assembled in rigidly coupled multi-bearing systems, for example steam turbine sets, 
need particular consideration in this respect. The magnitude of the unbalance and its distribution are 
important factors in such applications. (See annex A.) 
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8.2.5 Permissible vibrations in the balancing facility 

Pennissihie vibration in the balancing facility can Ix* cxprcsNcd in two wa\s. 

a) \ ibration on the bearing pedestal calculated Iron) the [xmniNsible tvanng \ ihration on site: or 

b) shaft vibration calculated from the permissible shaft vibration on site. 
In either case the process"' can be expressed as: 

Y = XxKuXKixK2 
where 

X is the permissible total bearing or shaft vibration in the transverse horizontal or vertical direction 
for measurements taken on site in the service speed range as given in the product specification or 
the appropriate standard (e.g. ISO 7919 or ISO 10816);^ 

Y is the corresponding permissible once-pcr-revolution bearing pedestal or shaft vibration m the 
balancing facility; 

Ki) is the ratio of the permissible once-per-revolution vibration to the permissible total vibration 
{Ko<\): 

K\ is a conversion factor used if the rotor support and/or coupling systems differ from site 
conditions: it is defined as the ratio of the once-per-revoiution measurements in the balancing 
facility {shaft and/or bearing pedestals) to similar measurements taken on the assembled 
machine on site (if not applicable, K\ = 1); 

Kz is a conversion factor which is used, if in the balancing facility shaft measurements are taken at 
locations other than those for which X is specified. Its value depends on the mixlal 
characteristics of the rotor. If the measurement kx;ations are the same, then K:~ \ 



NOTES 

1 The conversion relationship gives units for K which are the same as those for X In practice it may subsequenily he 
convenient to express Y in different units. For example, displacement instead of vekxity. 

2 The value of K\ will often depend upon the direction of nKasurement. 

3 For cases in which the measurement cannot be made at the same locations. Ki may be determined analytically 
using a rotor dynamics model of the system. 

The values of ATi and A": may vary widely between one installation and another and will be speed dependent. 
Some suggested values for Kq and Ki are shown in annex C. The value of A': needs to be established for each 
specific application. If a critical speed of a particular configuration of the rotor bearing system comcides with 
the service speed, higher values of the relevant conversion factors have to be used. 



'* Users are recommended to compare the above process with their own expenence. Comments on the results will be 
welcome and should be directed to the national standards body in the countr> of ongin for transmission to the 
Secretariat of ISOH'C 108/SC I . 
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It should be noted that in practice it iv not essential that these conversion factors ;ire detennined in isolation, 
provided that a composite factor is available. 

In addition, it should be noted that modal amplification of the vibration will occur at critical speeds. 
Balancing practice is therefore usually directed not only towards satisfactory limitation of vibration within 
the service speed ranse, but also towards smooth passage through critical speeds below the maximum 
service speed. For critical speeds it is especially difficult to establish quantitative criteria because it is almost 
impossible to arrange the same support conditions in the balancing facility as /// situ (especially damping). 

When the bending deflection during run up is of concern, because of rotor/siator clearances or stresses, the 
bending of a rotor at critical speeds below service speed should be considered in terms of displacement of 
that part of the rotor at which the displacement is of consequence. 

8 J Residual unbalance limits 

This subclause provides recommendations for rigid rotor unbalance and modal unbalances for a flexible 
rotor based on criteria given in [SO 1940-1. 

83.1 General 

The following establishes guidelines for the required balance quality of flexible rotors. The values given are 
based on a limited amount of documented practical experience with the various types of rotor. How^ever, if 
due regard is paid to the recommended values, satisfactory running conditions can be expected. Nonetheless, 
the suggested levels and classifications are not yet completely verified, and deviations from these 
recommendations may be necessary in certain cases^'. 

For flexible rotors balanced at low speed, permissible residual unbalances in specified correction planes are 
used to state the balance quality. For rotors balanced at high speed, permissible residual modal unbalances 
are applied. 

8 J*2 Limits for low-speed balancing 

The residual unbalance for any completely assembled rotor should not exceed the residual unbalance 
recommended for an equivalent rigid rotor in ISO 1940- 1 . 

In addition, for rotors which are balanced in accordance with procedure C, D or E (see table 2) each 
component, or when applicable, each sub-assembly of components should be balanced to limits based on 
experience or those recommended in ISO 1940-1, applied to each component. 

8 J J Limits for multiple-speed balancing 

8J3.I First bending mode 

For a rotor that is significantly affected by only the first modal residual unbalance, then whatever its 
unbalance distribution, the residual unbalance should not exceed the following limits, expressed as 
percentages of the total residual unbalance recommended for an equivalent rigid rotor in ISO 1940-1 and 
based upon tte highest service speed of the rotor: 



Reports of any such deviations will be welcome. Comments should be directed to the National Standards body in 
the country of ongin for transmission to the secretariat of ISOnTC 108/SC 1 and will be taken into account when 
prepanng subsequent editions of this International Standard 
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a) the equivalent first modal residual unbalance should not exceed 60 ^c and 

b) if low-speed balancing is carried out initially, the total residual unbalance as a rigid rotor should 
not exceed 100 9c: 

c) the residual unbalance at ser\'ice speed should not exceed 100 9c (see 9.2.3 for guidance). 

8.3.3.2 First and second bending modes 

For a rotor that is significantly affected by only the first and second modal unbalances, then whatever its 
unbalance distribution, the residual unbalance should not exceed the following limits, expressed as 
percentages of the total residual unbalance recommended for an equivalent rigid rotor in ISO 1940-1 and 
based upon the highest service speed of the rotor; 

a) the equivalent first modal residual unbalance should not exceed 60 9c: and 

b) the equivalent second modal residual unbalance should not exceed 60 %; and 

c) if low-speed balancing is carried out initially, the total residual unbalance as a rigid rotor should 
not exceed 100 %; 

d) the residual unbalance at service speed should not exceed 100 % (see 9.2.3 for guidance). 

In cases when one of the modes is less significant than the other, the corresponding limit can be relaxed, but 
shall not exceed 100 %; 

NOTE — The example in annex F illustrates the calculation of these limits. 

8.3.3.3 More than two bending modes 

For rotors which are significantly affected by more than the first and second modal unbalance, no 
recommendations are available. 

The following notes relate to 8.3. 

NOTES 

1 A method for the experimental determination of the equivalent modal residual unbalances is descnbed in 9.2.2. 

2 If the influence of overhung masses is significant, then the percentages given may not be applicable. 

3 If, in situ, the service speed or service speed range is close to either the first or second flexural critical speed, these 
figures may require modification. 

4 In the balancing facility, the proposed limits will not necessarily result in vibration magnitudes within normal 
limits in the speed range from 80 9c to 120 9c of any critical speed. If such amplified vibrations occur, it does mn 
necessarily mean that more refined balancing is needed because, for exan^le. damping in the balancing faciluy is 
often smaller than in situ, 

5 When all relevant rotor flexural modes cannot be taken into account in the balancing facility (for exanple, due to 
an insufficient number of correction planes), a decision should be reached concerning which modes ^ould be 
enphasized for balancing. 
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9 Evaluation procedures 

Depending on the type and purpose of the rotor being assessed, the final state o\ unbalance may be e\aluaied 
either in terms of vibration at specified measuring planes, or by residual unbalances. 

NOTE — In cases of small mass-produced rotors, assessment procedures simpler than those detailed in this 
International Standard may suffice. 

9.1 Evaluation procedures based on vibration limits 

9.1.1 Vibrations assessed in a high-speed balancing facility 

The installation of the rotor in the test facility should conform to the guidelines given in 7.2. 

When the above conditions have been satisfied, the rotor should be run up to speed at a low acceleration rate 
to ensure that vibration peaks are not suppressed. If measurement o\ er the whole speed range is not possible. 
all significant peaks of vibration should be measured between 70 9c of the observed first flexural critical 
speed and the maximum service speed. Alternatively, this could be achieved by a comparable run down. 

The rotor should be held at maximum service speed long enough to eliminate any transient effects. 
Synchronous vibration measurements should then be taken. 

9.1.2 Vibrations assessed on the test bed 

Rotors whose final state of unbalance is evaluated on the test bed should have instrumentation as stated 
in 7.2, but it should be noted that different procedures may be necessary in some cases when, for example: 

a) the rotor is assembled as a complete machine driven by its own power; 

b) only full -speed readings can be obtained, such as for an induction motor; 

f c) vibration transducers cannot be placed at the bearings; in this case the points where vibrations 

should be measured should be agreed between the manufacturer and the user; 

d) the state of unbalance depends on load, in which case the range of load over which the residual 

unbalance is assessed should be agreed between the manufacturer and the user, 

9.1.3 VibratJoas assessed at site 

9.1.3.1 Machines that have their state of balance assessed after final installation at site are subject to many 
factors that can produce vibration. Some of this vibration may be at shaft rotational frequency from sources 
other than mechanical unbalance. Some of the factors that can produce such vibrations, together with some 
of the precautions that should be taken, are mentioned in annex A. 

9.U.2 If any ot the stationary parts of the machine or the supporting foundation structure are in resonance 
at the service speed, high levels of vibration are sometimes produced even though the rotor residual 
unbalance is well within normally accepted tolerances. 

In such circumstances, balancing within exceptionally fine limits may be required to reduce the vibration 
level. Such improvements may be only useful if the machine is not highly susceptible to unbalance. If. in 
operation, there is a high probability that new unbalances will occur, consideration should be given to the 
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practicality of eluninating the structural resonances or increasing the damping \n the sysieni or other 
measures, so that saiisfactoiy operation can be obtained. 

9.1.3.3 hi the final installation at site, there may be factors during commissioning that will conflict with 
obtaining the steady-state conditions needed to assess the state of balance. It may then be necessan^ to 
combine the result of balancing runs with tests for other puqposes. If the preliniin;ir> running of the installed 
machine shows the result of balancing to be in doubt, special runs should be arranged specifically for 
contiiming the adequacy of the balance. 

In many installations (for example where the prime mo\er is a direct to line starf induction motor), it may 
be impossible to control the speed of rotation during run up and steady conditions can only be achieved at 
full speed. 

Agreement should therefore be reached between the manufacturer and user on the speed range over which 
the slate of balance should be checked. 

The balance check is normally made with the machine unloaded. If the machine is loaded, the load at which 
the state of balance is to be checked should be agreed between the manufacturer and user 

9.1.3.4 Vibration measuring equipment should be installed as .specified in 7.2. Where suitable monitoring 
equipment is provided in the installation, this may be used instead. Alternatively, vibrations may be read on 
portable apparatus using, for instance, a hand-held vibration transducer. 

9.2 Evaluation based on residual unbalance limits 

Three different approaches are outlined below, 
9.2.1 Evaluation at low speed 

The evaluation at low speed is based on the limits for rigid rotors as stated in ISO 1940-1. 

Rotors in this category usually have their balance quality assessed in a low-speed balancing machine. In most 
cases a subsequent high-speed check will be made on the test bed or on site. In specific cases, by agreement 
between the manufacturer and user, the high speed assessment may be dispensed with and the rotor accepted 
on the basis of the residual unbalance at low sf)eed. This applies particularly to rotors sold as spares where a 
final assessment at site may be delayed for a considerable time. 

The rotor should be complete and all attachments such as half couplings, gear wheels, etc.. should be fitted. 

The balancing machine should be one that conforms to ISO 2953, See ISO 1940-1 and ISO 1940-2 for the 
procedure for assessing residual unbalance and cautionary comments. 

Before the residual unbalance of the rotor is assessed, it should be run at some suitable speed to remove any 
temporary bend. 

When the above conditions have been satisfied, the rotor should be run at the balancing speed and readings 
taken of amount and angle of unbalance remaining in each measuring plane. 

For rotors with controlled initial unbalance, the initial unbalance after assembly should also be stated in 
addition to the measured residual unbalance. For rotors that have been balanced in several stages during 
assembly or that have been made up of balanced components (Procedure E), the residual unbalance achieved 
at each stage should be stated. 



IS/ISO 11342:1998 

9.2.2 Evaluation at multiple speeds based on modal unbalances 

Multiple speeds will give an insight into the unbalance distribution of the rotor and its expected flexible 
behaviour. 

To assess the slate of unbalance, the residual equivalent modal unbalances are calculated for the respective 
modes. The equivalent modal unbalance is defined as the smallest unbalance in an individual plane which 
has the same effect as the modal unbalance (see definition, annex H). This means that, for each respective 
mode, the residual unbalance is calculated for the most sensitive plane. This assumes, that balancing planes 
are located in suitable positions. 

The procedure is as follows, 

a) Mount the rotor in a high-speed balancing machine or other high-speed test facility. 

b) If low-speed balancing is performed, the residual unbalance in the rigid rotor stale may be 
assessed either by using the influence coefficient method, or by using the balancing machine and its 
capability to indicate unbalances in two planes. 

c) Run the rotor to some safe speed approaching first flexural critical speed and note readings of 
bearing vibrations or forces. 

d) Add a trial unbalance to the rotor. The unbalance should be sufficient to show a significant effect 
and should be placed axially where it will have the maximum effect on first mode. Take readings of 
bearing vibration or forces at the same speed as in c). 

e) From the readings obtained in c) and d), compute vectorially the equivalent first modal unbalance. 
For example, this can be done graphically by the construction in annex G, in this case with the single 
unbalance mass forming the trial mass set. The magnitude of the equivalent first modal unbalance is: 

TU X -— - 
AB 

where TU is the trial unbalance. 

Remove the trial unbalance. 

g) Run the rotor to some safe speed approaching second flexural critical speed, provided this is lower 
than the maximum safe ser\nce speed. Note readings of bearing vibrations or forces. 

h) Add a trial unbalance to the rotor. This should be sufficient to show a significant effect and should 
be placed axially where it will have maximum effect on second mode. Take readings of bearing 
vibrations or forces at the same speed as in g). 

i) From the readings obtained in g) and h) compute vectorially the equivalent second modal 
unbalance. The graphical procedure of e) may be used in this case. 

j) Remove the trial unbalance. 

k) Continue the operations for successive modes until the equivalent modal unbalances in all 

significant modes have been determined. 
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An example is shown m annex D. 

NOTHS 

1 W hen deterniininir ilie equualent modal unhalanees. ii mav be desirable to use a set of inal unbalances in order to 
pass sate I > through the low enncal speeds. Finally each calculated residua! unbalance set is summan/.ed into a 
residual equivalent uiodal unbalance. 

2 The procedure gi\en assumes that the vibration im^sured at a speed close to a cntica! speed is predonunantly m 
the corresponding mode and, therefore, usually gives a close approximation to the equivalent residual modal 
unbalances. 

3 Sometimes it may not be possible to mn close to the critical speeds of some of the significant itukIcs. In these cases 
further procedures are necessary to separate the individual modal components. 

4 If the rotor remains in the balancing facilitv after a balancing procedure, in accordance with 7.3. the information 
obtained during balancing mav be used directlv, without the need for further lest runs. 

9J.3 Evaluation at service speed in two specified test planes 

If the service speed is used, special care is needed to choose the test planes properly. 

The axial position of the correction planes and the balancing speed should be staled. 

If the rotor is assessed in a balancing facility having its own instrumentation this should be used throughout 
the test. 

If the rotor is assessed in an overspeed or similar facility, the instrumentation and general installation of the 
rotor into the facility should be as stated in 7.2. 
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Annex A 

(informative) 

Cautionary notes concerning rotors on site 



A.l Introduction 

Unbalance is not the only cause of vibration, not even once-per-revolution vibration. Before undertaking 
balancing or related operations, due consideration should be given to identifying the factors other than 
unbalance that are intluencmg the magnitude of vibration of the machine. Such factors include those 
mentioned below. 

This is particularly true in installations where two or more rotors are coupled together, such as turbine 
generator units, 

A.2 Bearing misalignment 

Small parallel or angular misalignment of the rotor bearings can produce effects which are not caused by 
unbalance. If these effects are present, the misalignment may need to be corrected prior to further assessment 
of the vibration of the machine (see also the last paragraph of A.3). 

A.3 Radial and axial runout of coupling faces 

There is no practical way of ensuring that large rotors can be coupled together without a small amount of 
radial and axial runout of the couplmg faces between the mating halves of the coupling. These runouts may 
produce vibration effects which cannot be satisfactorily corrected by balancing. Therefore, if the machine is 
not responding to balancing operations, the radial and axial runout of the coupling faces should be checked. 

Where appropriate, ern^s >hould be corrected to lie within tolerances which have been found to be 
satisfactorN in practice for the si/e and type of machine under consideration, before attempting further 
balancing. 

A.4 Bearing instahiiity 

Viirious forms ot mstabiiity ifor example tluid whirl/whip) may take place in the types of hydrodynamically 
lubricated bearings w hich are normally u.sed in multispan flexible rotor systems. 

The symptoms oi these phenomena are well known, and it is necessar>' to ascertain whether such symptoms 
are prcsent before attempting to improve the quality of running by balancing. 

Discussions of such effects and possible remedial measures are outside the scope of this International 
Standard. 
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Annex B 

(mtorniaiivc) 



Optimum planes balancing — Low-speed three-plane balancing 



B.l This annex is concerned with the low-speed balancing of rotors which have one central and two end 

correction planes, if all of the following conditions are met: 

a) single-span rotor with no significant overhang: 

b) uniform or linear distribution of unbalance: 

c) uniform bending flexibility of rotor along its length; 

d) symmetrical position of end correction planes about nudspan: 

e) continuous service speeds below and not significantly approaching second critical speed. 

Such rotors can be satisfactorily balanced on a low-speed balancing machine provided thai an assessment 
can be made of the proportion of the total unbalance of the rotor which should be corrected at the central 
plane. This annex provides a method uhereby the balance correction in three planes may be calculate from 
the initial unbalance measured in two planes. The \ector sum of the tbrces and the vector sum of the 
moments created by the three unbalance coirections f ,, ^;^,and /\ about a given point on the rotor should 
compensate those caused by the initial unbalances, / -j and rn ^^out the same point. 

B.2 It can be shown that the initial unbalance will be completely corrected up to, and including, its first 
modal component when the following vector relationships are satisfied: 

where H is the central correction divided by the initial static unbalance. 

It should be noted that Cy- (.> Ti Vi '^"^^ \jy'^^ vectors. 

Values of f/ are presented graphically in figure B.l as a function of c//. where : is the distance from the left- 
hand bearing to correction plane I and / is the bearing span (shaft length). 

It should be noted that H is zero when zJl =0,22. which indicates that in this case the centre plane is no 
longer needed and the procedure has become a two-plane balancing procedure, usually called ^^quarter-pomt 
balancing". For values of :// greater than 0.22. the correction in the centre plane is on the opposite side of the 
shaft. 
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Figure B.l — Graphical presentation for determination ofH 
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Annex C 

(informative) 

Conversion factors 



The machinery classification according to ISO 10816-1 is as follows. 

I — Individual parts of engines and machines, integrally connected to the complete machine in its normal 

operating condition. 

n — Medium-size machines without special foundations and rigidly mounted engines or machines (up to 

300 kW) on special foundations. 

HI — Large prime movers and other large machines with rotating masses mounted on rigid and heavy 
foundations that are relatively stiff in the direction of vibration measurement. 

IV — Large prime movers and other large machines with rotating masses mounted on foundations that arc 
relatively soft in the direction of vibration measurement. 

Table C.l — Suggested conversion factor ranges (see 8.2.5) 



Machinen' 
cta^siHcation 


Typical machines 


Ka 


Ki 


Bearing 
support 
absolute 


Shaft 
alHohite 


Shaft 
relatm 


1 


Superchargers 

Small electric motors up to 15 kW 


1.0 
1.0 


0.6 to 1 .6 


1 .6 to 5.0 

] 


1 .0 to VO 


11 


Paper-makmg machines 

Medium-sized electric machine 15 kW to 75 kW 

ElectncaJ machines up to XX) kW on special foundations 

Compressors 

Small turbines 


0.7 to 1 ,0 
0,7 to 1. 
0.7 to 1.0 
0.7tof,0 

i.o 


III 


Large electnc motors 

Pumps 

2- pole generators 

Turbines and mulnpole generators 


0.7 to 1 .0 
0.7 to to 
0,8 to 1.0 
0.9 to 1.0 


rv 


Gas luit)ines (but see 8 2 2) 

2 -pole generators 

Turbines and multipole generators 


1.0 

0.8 to 1,0 

0.9 to 1.0 


Kii is the ratio of ihe permissible once-per-revolution vibration to the pcnnissible total vibraooo (Kvi 1 > 

^i is the ratio of the once-pef-revoiution measurements in the balancing facility (shaft and/of bcanng pcdestais) lo sintibr mea&urciiitniv t^ken tm 
the assembled machine on site. (If not applicable. Aft = i ) 


NOTE I In irlauon to the entries for JC,. "absolute" refers to mcasurenient of vibration with neferenct to an matial reference frame and "relative " 
rcfcR to measurement relative to an appcopnatc structure, such as a bearing housing. A fuQ (fcscusswn of these ccnm is pvtn in ISO T9I 9- 1 
NOTE 2 Users are recommended to compare the above values with their own experience Cocnmems on ^c results or such con^wn^om will he 
welcome and should be directed to the national standante body in the coimtfy of origin for irammtssion to the secretanai of IS<VrC 1(WSC ! 
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Annex D 

(iniornuiiive) 

Example — Calculation of equivalent modal residual unbalance 

NOTE — A recomn^nded prcKedure is outlined in 9.2.2. 
D.l Residual unbalance calculation 

The principles of residual unbalance calculation are given in the e.xample below. The rotor is a turbine rotor 
with four balancing planes (see figure D.l). The balancing calculations are based on the vibration 
measurements at the two bearings (transducer 1 and transducer 2). 

The service speed of the rotor is 10 125 r/min. 

Roior mass is 1625 kg. 

Permissible total unbalance for an equivalent rigid rotor according to G2.5 (237 g mm/kg) from ISO 1940-1 . 

Total residual unbalance for an equivalent rigid rotor 

237 Uim X 1625 kg = 3 850 g mm 
kg 

Permissible equivalent first modal unbalance ( 100 7c) 3 850 g mm 

NOTE — Since the service speed is above the second critical speed, a factor of 100 9f has been taken instead of 
60 9c of the first modal unbalance; see note in 8.3.3.2. 

Permissible equivalent second modal unbalance (60 9c) 2 311 g-mm 

Total permissible residual unbalance for the rigid 

rotor (low -speed balancing) 3 850 g mm 

( 1 925 g-mm per plane Bpl and Bp3) 



Transducer 1 



3d1 



%2 



&pl 



Bp4 




Transducer 2 



Figure D.l — Turbine rotor 
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Rotor resonance 2 




2 000 3 000 COOO 5 000 6 000 7 000 8 000 9 000 10 000 11000 

r/min 

Figure D.2 — Run-up curve — Before balancing 
D.2 Influence coefficients 

The balancing speeds for this rotor are: 

1 000 r/min (low speed) 

3 400 r/min (just below rotor resonance 1) 

9 000 r/min (just below rotor resonance 2) 

The influence coefficients given in table D. 1 have been calculated from runs with trial masses. 

Table D.l 



Measurement 
point 


Balancing plane 


Speed 


Bpl 


Bp2 


Bp3 


Bp4 




Transducer 1 
Transducer 2 


*0.0594/3" 
*0,002 16/35° 


0,0330/1° 
0,0227/14° 


*0.009 12/333" 
♦0.0334/1 1° 


0.00490/233° 
0.0425/9° 


1000 
r/min 


Transducer 1 
Transducer 2 


0.249/82° 
0.087/107° 


0,343/94° 
0.157/87° 


0.055/222° 
O.I02/.34" 


♦0.360/265° 
♦0.224/6° 


3400 
r/min 


Transducer I 
Transducer 2 


1.99/246° 
1.92/353° 


*2.29/285° 
* 1.99/ 134° 


1.56/293" 
1,16/109° 


2.07/176° 
0.595/281" 


9000 
r/min 



The influence coefficients are given in the unit (mm/s)/(kg-mm) and at an angle relative to a reference 
system on the rotor. 

The influence coefficients used for residual unbalance calculation are marked with an asterisk, Bpl and Bp3, 
which are nearest to the bearings, are selected for the low speed. For other speeds, the most sensitive plane 
for each transducer is selected. 
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I).3 Final vibration readings 

The MbraiuMis given in tabic 2 ucrc mcuMired during the mn in the final balance condition. 

Table D.2 



Speed 


Transducer I 


Tran.sducer 2 


Unit 


1 (MM) i7min 


0.01/237" 


0.022/147^ 


ninVs 


3 4()0 r/min 


0.55/52° 


0.22/125" 


mm/s 


9 (XX) r/min 


2.35/305" 


1.44/139" 


mm/s 



D.4 Residual unbalance at low speed, 1 000 r/min 

The calculation is carried out in accordance with the influence coefficient method for correction planes Bpl, 
Bp3 (planes nearest to the bearings) and transducers I and 2. 

Table D J 





Calculated 


Permissible 


Bpl 


246 g mm 


1925 gmm 


Bp3 


671 gmm 


[925 gmm 



At the other balancing speeds, the residual unbalance is obtained by dividing the amplitude of the vibrations 
by the absolute value of the cixrfficient. This means that no consideration need be given to the phase angle of 
the vibrations or the phase information of the receptance. 



D.5 Residual unbalance at 3 400 r/min 



Table D.4 





Calculated 


Permissible 


Transducer 1 


(0,55/0.36) 1000= 1530 gmm 


3850 gmm 


Transducer 2 


(0.22/0,224) 1000 = 982 gmm 


3850 gmm 



D.6 Residual unbalance at 9 000 r/min 



Table D^ 





Calculated 


Permissible 


Transducer 1 


(2,35/2,29) 1000= 1026 gmm 


2311 gmm 


Transducer 2 


(K44/l,99) 1000 = 723 gmm 


2311 gmm 
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Annex E 

(informative) 

Procedure to determine if a rotor is rigid or flexible 



E.l General 

This annex describes procedures ihat may be used to determine whether a rotor is rigid or flexible. If it is 
determined that a rotor falls into the rigid calegor>\ then it can be balanced using a low-speed balancing 
procedure. In general, flexible rotors need to be balanced at high speeds using procedures such as those in 
clause 7. There are, however, rotors which, by definition, are flexible but are borderline, and for which low- 
speed balancing may be adequate using the special procedures given in clause 6. 

The physical appearance of a rotor is insufficient to determine whether a rotor falls into the rigid or flexible 
categories for balancing purposes. If a rotor operates at high speeds, it may approach or pass through a 
critical speed involving significant bending of the rotor and therefore requires high speed balancing. A rotor 
is considered rigid for balancing purposes if its highest service speed is at least 30 ^ below the first flexural 
critical speed. 



E.2 Determination of whether a rotor is rigid or flexible 

One or more of the following may be used to ascertain whether a rotor is rigid or flexible, and thereby 
determine the balancing method to be adopted. 

E,2.I Consult the rotor manufacturer or the user for a definition of the rotor configuration and characteristic 
and a recommended balancing procedure. (See clause 5.) 

E.2,2 If the first flexural critical speed exceeds the maximum service speed by at least 50 7c, tlien the rotor 
can often be considered rigid for balancing purposes. 

E.2.3 Alternatively the following test sequence may be performed. 

Balance the rotor at low speed in two correction planes in accordance with the prtx:edurcs specified in 
ISO 1940. 

Mount the rotor in a facility that is capable of rotating the rotor to at least serv ice speed and that has stiffness 
and damping of the bearings and their supports similar to the service installation. Accelerate the rotor 
gradually to service speed, taking care that vibration at all times stays within safe limits. Record vibration 
readings as a function of speed during the acceleration and subsequent deceleration. 

If no significant change in vibration occurs as a function of speed, then the rotor is either rigid, or is flexible 
with low levels of modal unbalance. To determine which of these possibilities apply, perform the flexibility 
test defined in E.3. 
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If a significant change in \ibration occurs during acceleration or dcceleratu>n, one or more of the following 
possibilities exist; 

a) the rotor is flexible: 

b) the rotor is rigid but flexibly supported; 

c) the rotor has components that shift location significanlly as a function of speed or temperature. 

To help discrmiinate between these possibilities, accelerate the rotor again to service speed and then check if 
the readings during deceleration to zero speed repeat those of the prior deceleration ain. If they do the rotor 
has settled^ Next perform the flexibility test given in E.3 to detennine if the rotor is rigid or flexible. 

NOTE — Settlement ma> have occurred by taking the rotor to its service speed or beyond by permanently sealing 
components due to centrifugal force. For example, generator and motor rotors frequently require a settlement run to 
enable the copper windings and support s\ stems to move radially outward to their final position. 

If the readings do not repeat, the rotor's unbalance is variable and the rotor cannot generally be balanced 
within tolerance until this problem is corrected. 

E.3 Rolor flexibility test 

Add a mass to the centre of the rotor, or to an available position where it may be expected to cau.se high rotor 
vibration. Accelerate the rotor to service speed, taking care that vibration at all times slays within safe limits. 
If the vibration magnitude becomes excessive during the acceleration, reduce the magnitude of the mass and 
repeat the prcKess. Measure the vibration vector at service speed and at the same location as in E.2.3. 
Determine the effect of the mass on the vibration level by vectorially subtracting the vibration vector 
recorded in E.2.3 from the new reading. Denote the result by vector A. 

Stop the rotor and remove the mass. Install two masses at the same angukir position as the central mass that 
was removed These masses shoukl be placed close to the rotor end planes. The masses should be chosen to 
provide the same quasi-static unbalance in the plane of the single test mass without introducing any 
additional couple unbalance. Accelerate the rotor to service speed again, take another reading and determine 
the effect of the two masses on the rotor by subtracting the vector from E,2.3 from the reading. Denote this 
vector by B . 

E.4 Evaluation or nexibility test data 

Compute the magnitude of the vector (, 4 - ^) If this magnitude when divided by the magnitude of vector A 
is less than 0,2. the rotor can usually be considered rigid for balancing purposes. Conversely, if this ratio is 
0,2 or greater then the rotor should be treated as a flexible rotor. 

If sufficient rotor system modelling data are available, it is possible to generate analytically the data needed 
for calculating the ratio m E.4, thereby avoiding the need to perform the flexibility lest. Particular care must 
be taken with this approach to model accurately the stiffness and damping characteristics of the rotor/support 
svstem. 
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Annex F 

(informative) 

Example — Permissible equivalent modal unbalance calculation (refers to 8.3.3.2) 



Rotor Turbo compressor 

Quality grade G2.5 from ISO 1940-1 

Service speed 15 000 r/min 

Rotor mass , I 000 kg 

Assume low-speed balancing in two planes close to bearings. 

Total residual unbalance for an equivalent rigid rotor according to ISO 1940: 

cr- mm 

1.60^^ X 1000 kg = 1600emm 

l^g 

Permissible equivalent first 

modal unbalance (60 7c) 960 gmm 

Permissible equivalent second 

modal unbalance (60%) 960 gmm 

Total residual unbalance for 

the rigid rotor 1 600 g mm (800 g mm per plane) 
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Annex G 

(intornuitivc) 



A method of computation of unbalance correction 



The ti>ilo\ving is d sUL!izCNicd method o\ compulation of unbalance correction by observation of the effect of 
a trial mass set 

Let vector OA m fiiiiirc G. 1 represent the initial vibration plotted to some arbitrar>' reference angle. 

Let vector OB represent the resultant vibration, at the same speed and plotted to the same reference, when a 
trial mass set is added to the rotor. 

Then the 'effect o\ ihc trial mass set is represented in amplitude and angle by the vector AB . 

Therefore in order to nullify the original vibration, the trial mass set should be moved through the angle 
BAO and each mass in the set adjusted in size in the ratio ^— 

-^ AB 




Figure G,l — Vectorial effect of a trial mass set 
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Annex H 

(informalive) 

Definitions from ISO 1925:1990 and ISO 1925:1990/Amd 1:1995 

relating to flexible rotors 



H.l (rotor) flexural critical speed: Speed of a rotor at which there is maximum flexure of the rotor and 

where the tlexure is significantly greater than the motion of the journals. 

H.2 rigid-rotor-mode critical speed: Speed of a rotor at which there is maximum motion of the journals 

and where that motion is significantly greater than the flexure of the rotor. 

H,3 (rotor) flexural principal mode: For undamped rotor/bearing systems, that mode shape which the 

rotor takes up at one of the (rotor) flexural critical speeds. 

H,4 multiplane balancing: As applied to the balancing of flexible rotors, any balancing procedure that 

requires unbalance correction in more than two correction planes. 

H,5 modal balancing: Procedure for balancing flexible rotors in which unbalance corrections are made lo 
reduce the amplitude of vibration in the separate significant principal flexural modes to within specified 
limits. 

H.6 mode function, 0;,(r): A mathematical expression for the deflection shape of the rotor in the 

corresponding mode. 

H.7 modal mass, /n„: A scaling factor with dimensions of mass used in part lo describe the mode function. 

expressed by 
/, 



where fj(z) is the mass per unit length of the rotor and L is the rotor length. 

H.8 nth modal unbalance: That unbalance which affects only the nth principal mode of the deflection 
configuration of a rotor/bearing system. 

NOTE 1 A measure of this component of unbalance is given by: 

On = j Miz)eiz) (l>„iz)dz = enmn 


where e{z\ is the eccentricity of the local mass centre at point z along the rotor. 

NOTE 2 The «th modal unbalance is not a single unbalance but an unbalance distribuiiOT in the mh mode 

U„{Z) = en^iz)<P„iz) = ^^(z)0„iZ) 
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It can be mathematically represented with respect to its effect on the nih principal mode by the smgle 
unbalance vector Q^ as: 











H.9 modal eccentricity (specific modal unbalance), nth mode: The nih modal unbalance divided by the 
nth modal mass 

^ _ On 

en - 

H.IO equivalent nth modal unbalance: The minimum single unbalance Qn^ - equivalent to the /;th modal 
unbalance in its effect on the nih principal mode of the deflection configuration. 

NOTES 

1 There exists the relation Q^ = One <^„u^ ) where 0^(r^) is the mode function value for z - :,, the axial coordinate 
of the transverse plane where 0^^^ is applied. 

2 A set of masses distributed in an appropriate number of correction planes and so proportioned that the mode under 
consideration will be affected, may be called the equivalent nth modal unbalance set. 

3 An equivalent nih modal unbalance will affect some modes other than the nih mode. 

H.ll modal balance tolerance: With respect to a mode, that amount of equivalent modal unbalance that is 
specified as the maximum below which the state of unbalance in that mode is considered to be acceptable. 

H.ll multiple-frequency vibration: Vibration at a frequency corresponding to an integral multiple of the 
rotational speed. 

NOTE — This vibration may be caused by an i sot ropy of the rotor, non -linear characteristics of the rotor/bearing 
system, or other causes. 

H.13 thermally induced unbalance: That change m condition exhibited by a rotor if its state of unbalance 
is significantly altered by its changes in temperature. 

NOTE — The change m condition may be pemuinenl or temporary. 

H.14 low-speed balancing (relating to flexible rotor): Procedure of balancing at a speed where the rotor to 
be balanced can be considered to be rigid. 

H.15 high-speed balancing (relating to flexible rotors): Procedure of balancing at a speed where the rotor 
to be balanced cannot be considered to be rigid. 
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Annex I 

(informative) 
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